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Introduction
The study of the chemical composition of the dense regions of the interstellar medium (ISM) has evolved enormously in the past few decades. It initiated with the detection of simple diatomic molecules, and was developed by with pioneering searches for polyatomic molecules. Today it aims to fully understand the chemistry of the ISM, how it depends on the specific physical conditions and evolves with time, and the ultimate molecular complexity reached in space. For several reasons, understanding the gas chemical composition during the process of star formation is of particular interest. First, the very process is influenced by the gas chemical composition. Second, since the chemical composition is in turn influenced by the evolutionary status of the forming protostar, it is a powerful diagnostic of the protostar evolution. Notable examples are the hot cores and hot corinos, which are thought to mark an evolutionary stage of high and low mass protostars, respectively. Finally, understanding the chemical composition during the star formation process permits us to predict, if not observe, the ultimate molecular complexity achieved in space, a mandatory first step to any exogenic theory of life on Earth. The only way to study the gas chemical Herschel is an ESA space observatory with science instruments provided by European-led principal Investigator consortia and with important participation from NASA. Figures 2-4 and Tables 3, 4 (pages 6 to 8) are only available in electronic form at http://www.aanda.org composition is observing the line spectra from the different molecules and atoms in the gas. We highlight that another important aspect of observing and studying lines is their diagnostic power in reconstructing the dynamical and physical structure of the gas. In summary, line spectra are extremely powerful diagnostic tools enabling studies of virtually all aspects of the star formation process. Depending on the molecule/atom and the physical conditions, lines are emitted in the radio to far-infrared, at densities and temperatures appropriate to star-forming regions. Light molecules, such as hydrides, have fundamental transitions in the sub-millimeter/far-infrared range (between about 500 and 2000 GHz), so that these are the preferred ranges for detecting and studying these species. Heavy molecules, such as CO, have fundamental lines in the radio to millimeter frequency range: the heavier the molecule the lower the frequency. However, the higher the density and temperature the higher the frequency of the emitted line, so that sub-millimeter/farinfrared/near-infrared are the most appropriate frequency ranges for detecting and studying warm and dense gas. While frequencies from radio to millimeter, and partially sub-millimeter and near-infrared, can be observed from ground-based telescopes, frequencies between about 500 and 15 000 GHz are almost completely blocked by the Earth atmosphere, with some exceptions in a few narrow frequency ranges. The Herschel satellite is the first telescope capable of studying the 500−5000 GHz range of frequencies systematically (Pilbratt et al. 2010) and HIFI is the A&A 521, L22 (2010) 19h23m43.88s +14d30m28.8s 10 7000 2 × 10 6 High mass protostar -first high-resolution spectrometer ever that enables us to study the 480−1907 GHz spectral range using heterodyne techniques (de Graauw et al. 2010) .
The key project "Chemical HErschel Surveys of Star forming regions" (CHESS), takes full advantage of the new opportunity offered by Herschel/HIFI and explores in a systematic way the frequency range between 480 and 1902 GHz in several starforming regions. The goal of the project is to provide the first ever spectral census of this frequency range in a selected sample of sources covering the principal parameters and aspects of the star-formation process: mass of the forming star, its evolutionary status, and the interaction with the surroundings. The sample is formed by eight sources (Table 1 ) whose proprieties cover a wide parameter space. To study the dependence on the mass of the forming star, we selected five low-, intermediate-, and highmass protostars, which cover five orders of magnitude in luminosity, from 20 to 2 × 10 6 L . To study the dependence on the evolutionary status, we included two pre-stellar cores, with different characteristics. Finally, the sample includes one molecular outflow shock, to cover the aspect of the influence of the forming star on its surroundings. Almost the entire 480−1902 GHz frequency range will be covered in all sources, with the exceptions of the pre-stellar cores, where only the 480−636 GHz band will be observed together with a small range around 1 THz (to detect the HD + 2 1 11 −0 00 line). IRAS 16293-2422 and L1157-B1 will also be observed in the 57−210 μm range with the Herschel/PACS spectrometer. Here we present a first analysis of the 555−636 GHz spectra of five CHESS sources, obtained during the first months of operations of HIFI, and discuss similarities and differences between the sources.
Observations and results
Early observations were obtained with HIFI towards five CHESS sources in the 555−636 GHz frequency range. The sources were observed during the performance verification phase I (L1157-B1) and the priority science program (IRAS 16293-2422, OMC2-FIR4, AFGL 2591, and NGC 6334I). The dates of the observations and the rms achieved for each source are reported in Table 1 . The observations were obtained in doublesideband (DSB) using the wide band spectrometer (WBS) whose resolution is about 1.1 MHz. The HPBW at the observed frequencies is ∼35 . The data were processed with the standard HIFI pipeline using release 2.8 of HIPE (Herschel interactive processing environment) 1 . Further processing of the level 2 products was needed to flag spurious local oscillator features, subtract baselines, and deconvolve the dual sidebands. This was done both in HIPE and using the GILDAS 2 software and subsequently the results were cross-checked. To convert the 1 HIPE is a joint development by the Herschel Science Ground Segment Consortium, consisting of ESA, the NASA Herschel Science Center, and the HIFI, PACS and SPIRE consortia. 2 http://www.iram.fr/IRAMFR/GILDAS obtained antenna temperatures into main beam temperatures we used B eff = 0.72, F eff = 0.96 and the beam efficiency defined as η mb = F eff /B eff . For the line identifications we used the JPL 3 and CDMS 4 databases, as well as the package CASSIS 5 . Figure 1 shows the 555−636 GHz spectra of the five sources of Table 1 . Figures 2−4 show spectra zooms. Tables 3 and 4 list the lines detected with signal-to-noise ratio (SNR) greater than 3 in at least a source other than NGC 6334I, their integrated intensity, and line widths (typically between 2 and 10 km s −1 ). The detected species are listed in Table 2 .
Source differences and similarities

Sources background
L1157-B1 is a bright and chemically rich shock spot of the powerful outflow emanating from the class 0 source L1157-mm, regarded as the archetype of the so-called chemically rich outflows (Bachiller et al. 2001 ). The spatial and kinematical structure of the bright blueshifted bow-shock B1 in the southern lobe has been modelled in great detail by various authors, making it the archetype of protostellar bowshocks in low-mass star-forming regions and the testbed of MHD shock models (Gusdorf et al. 2008) . A detailed study of the HIFI 555−636 GHz observations is found in Lefloch et al. (2010) and Codella et al. (2010) . IRAS 16293-2422 is the prototype of class 0 sources for studies of chemistry in low mass protostars. It is in this source that the super-deuteration phenomenon (Ceccarelli et al. 1998) and the first hot corino (Cazaux et al. 2003) has been discovered. The large-scale structure of its envelope has been reconstructed by several authors (e.g., Crimier et al. 2010) . A complete survey of the 3, 2, 1, and 0.8 mm bands accessible from the ground detected a rich spectrum containing several deuterated and complex organic molecules ). Bacmann et al. (2010) , and Vastel et al. (2010) report the analysis of ND and D 2 O observations obtained with HIFI. OMC2-FIR4 is the closest known intermediate mass protostar. Its ∼30 M envelope extends to about 10 4 AU (Crimier et al. 2009 ) and contains several clumps, probably a cluster of protostars (Shimajiri et al. 2008) . Previous observations show that the envelope has abundant formaldehyde (Jørgensen et al. 2006) . The methanol emission observed with HIFI is discussed by Kama et al. (2010) . AFGL 2591 is a relatively nearby and isolated massive star, with a well-studied temperature and density structure (Van der Tak et al. 1999) . Multi-line observations of CH 3 OH, SO 2 , and other molecules have revealed enhanced abundances in the inner envelope, where ice mantles are evaporating off dust grains (Van der Tak et al. 2000 . On even smaller scales, interferometry of the H 18 2 O line at 203 GHz shows a rotating flattened NGC 6334I is a relatively nearby molecular cloud/H ii region complex containing several concentrations of massive stars at various stages of evolution. The far-infrared source "I" is associated with a NIR cluster with four embedded compact millimeter continuum sources (Hunter et al. 2006 
Line spectra
The vast majority of the detected lines have upper level energies higher than ∼80 K (Table 2) and are, therefore, emitted in the warm (≥50 K) regions of the sources: hot cores, hot corinos, and shocked gas. A few lines (from H 2 O, NH 3 , HCl, and D 2 O) have lower upper level energies and may, therefore, originate in cold gas. A rigorous comparison between the sources in terms of species abundance requires a detailed analysis that takes into account the structure of the sources, i.e., extent, density, and temperature ... -and their distance. Here we limit the discussion to the mere appearance of the spectra and postpone a more detailed study to a forthcoming article. Nonetheless, even qualitative comparison of the spectra provides new insights on the nature of the sources. Overall, NGC 6334I exhibits the richest (in number of lines) and brightest spectrum, with more than 500 lines. IRAS 16293-2422 and OMC2-FIR4 have a smaller number of lines, ∼70, followed by AFGL 2591 and L1157-B1, ≤30. The spectra are dominated in terms of number by the methanol (CH 3 OH) lines. In the case of NGC 6334, they constitute more than 70% of the detected lines. When considering the number of detected species, NGC 6334I and IRAS 16293-2422 share the first place with 26 and 22 detected species, followed by OMC2-FIR4, AFGL 2591, and L1157-B1 with 17, 11 and 8 detected species, respectively. We therefore note that the number of lines in a spectrum is not a unique criterium for its chemical richness. In the following, we discuss the more important differences between the sources in the spectra of the different species. i) Methanol (CH 3 OH). Several previous studies have established that methanol is sublimated or sputtered from the ices when the dust temperature exceeds about 100 K or the shock velocity is larger than about 20 km s −1 , rather than formed in the gas phase. The plethora of methanol lines with upper level energies up to 1000 K in NGC 6334I testifies that very hot material exists in its hot core. The lines there could be excited either by the collisions from the warm and dense gas or may be radiatively pumped by the hot dust, by means of "fluorescence" from the 2.7−97 μm photon-pumped CH 3 OH vibrational levels. The same applies to IRAS 16293-2422 and OMC2-FIR4. In L1157-B1, the lines must be populated by collisions, which may explain why their number is smaller. It is striking how poor in methanol lines the spectrum of AFGL 2591 is, especially compared to IRAS 16293-2422 and OMC2-FIR4, which are much less luminous than AFGL 2591. Previously estimated methanol abundance in the warm envelope, 8 × 10 −8 , and emitting sizes, ∼3 , (van der Tak et al. 2000) are comparable to those measured in IRAS 16293-2422 (Maret et al. 2005) , so that the weaker methanol lines in AFGL 2591 may be indicative of lower interior densities or gas temperatures. ii) Sulphur bearing molecules. The detected lines of CS, H 2 S, SO, and SO 2 have all relatively high upper level energies (≥80 K: Table 2 ) so that they must originate in warm and dense gas. As for methanol, sulphur is mostly released from the ices in hot cores, hot corinos, and outflow shocks. A remarkable result of the 555−636 GHz spectra comparison is the lack of emission from S-bearing molecules in OMC2-FIR4, with the exception of CS, and of H 2 S and SO 2 in AFGL 2591. Several authors have demonstrated how the relative abundances of H 2 S, SO, and SO 2 are influenced by the differences in the (sublimated) ice composition, the age of the source, or the gas temperature. In general, the overabundance of SO with respect to SO 2 points towards a younger source (e.g. Wakelam et al. 2005) , so that AFGL 2591 may be a very young massive protostar (see also van der Tak et al. 2003) . In contrast, the absence of H 2 S, SO, and SO 2 in OMC2-FIR4 is puzzling, because sublimated ices are clearly indicated by the presence of several and bright methanol lines. One possibility is that while the dust is warm enough to sublimate the ices, the gas temperature is not high enough to activate the reactions to convert whatever is sublimated from the ices and that it is not H 2 S: it could be OCS or atomic sulphur (e.g. Wakelam et al. 2005) into H 2 S, SO, and SO 2 . This would be consistent with a theoretical study by Crimier et al. (2009) , who predicts an inner region where the gas is much cooler than the dust because of the efficient cooling by the water molecules. This (Table 2) , they reside in the hot core and hot corino of NGC 6334I and IRAS 16293-2422, respectively. While DCN is most likely a gas phase product, HDO is sublimated from the dust ices and, therefore, reflects the prior history of the protostar. In contrast, the ortho-D 2 O fundamental transition is observed in absorption in IRAS 16293-2422 (Vastel et al. 2010) . In this case, the cold gas in the envelope is responsible for the large ortho-D 2 O abundance. The detection of D 2 O in IRAS 16293-2422 and not in the other sources, does not come as a total surprise, as IRAS 16293-2422 is known to be a source enriched by singly, doubly, and triply deuterated molecules (e.g., Parise et al. 2006 ). However, the present observations indicate that intermediate and high mass protostars (at least those targeted here) are much less enriched in D-bearing molecules, probably because of the higher temperature and gaseous CO abundance in these protostars (Roberts et al. 2003 ).
Conclusions
Our comparative analysis of the 555-636 GHz spectra in five CHESS sources has discovered an unexpected line-poor spectrum in the 2 × 10 4 L source AFGL 2591. This may indicate that AFGL 2591 is a particularly young protostar that has not had time to develop a rich chemistry. Our analysis also confirms IRAS 16293-2422 as a remarkable source of enriched deuterated molecules and NGC 6334I as being enriched in methanol lines. OMC2-FIR4 seems to represent a bridge between the two extremes in luminosity, represented by IRAS 16293-2422 and NGC 6334I, but is not a scaled version of either of the two sources. It shares the richness, even though more moderately, in methanol lines with NGC 6334I but shows a desert in S-bearing molecules, maybe because of a dramatic decoupling of gas and dust temperatures in the interior of its envelope. Finally, the outflow shock, is affected by the same lack of S-bearing molecules, but this, as for the relative line-poor spectrum in general, could simply be due to the sensitivity of the current observations. To conclude, we highlight again the power of unbiased surveys of the spectral range accessible to HIFI (480−1902 GHz Vastel et al. 2010; and ND by Bacmann et al. 2010) . They also permit an overall comparative study that is far more exhaustive than targeted studies of individual sources. Notes. The CH 3 OH lines detected in at least a source other than NGC 6334I are reported in Table 4 . Note that we did not report the list of CH 3 OCH 3 lines as they are detected in NGC 6334I only and are the focus of a forthcoming paper. For each source, we report the main beam temperature integrated intensity T mb Δv (K km s −1 ), and the FWHM Δv (km s −1 ) obtained by fittting the line with a gaussian. In parenthesis we report the rms over the same integration interval of the line intensity. Only lines with rms larger than 3 are considered detected, except in the case of NGC 6334I, where 1σ was taken since the rms is artificially higher because of the line-crowed spectrum. Upper limits refer to 1σ. (a) Line is heavily absorbed; (b) line is merged; (c) only the central component. Notes. Only lines detected in at least a source other than NGC 6334I are reported. Columns are as in Table 3 . Note that the nomenclature for the transition is the one from the JPL catalog.
